Introduction
============

Cervical cancer is one of the most common malignant tumors in gynecology worldwide. The latest clinical data show that the incidence of cervical cancer in young women is increasing year by year ([@b1-ol-0-0-10430]). Cervical squamous intraepithelial lesion (CSIL) is an important transitional stage of normal cervical tissue transforming to squamous carcinoma of the cervix (SCC) ([@b2-ol-0-0-10430]). According to the new classification criteria proposed by the LAST Project in 2012, CSIL is classified into low-grade squamous intraepithelial lesions (LSIL) and high-grade squamous intraepithelial lesions (HSIL) ([@b3-ol-0-0-10430]). LSIL is the same as cervical intraepithelial neoplasia (CIN) I in the traditional CIN classification standard, and represents a non-carcinogenic human papillomavirus (HPV) infection, which is generally resolved without treatment. HSIL (same as CIN II and III) is a precancerous lesion and often requires surgical intervention to inhibit further progression to SCC. Therefore, it is important to establish a detection method that can quickly and effectively separate LSIL, HSIL, and SCC, which is clinically important for the design of patient treatment plans.

Cell cycle-dependent protein kinase inhibitor P16 is a protein that can negatively regulate the cell cycle. HPV persistent infection causes overexpression of P16 ([@b4-ol-0-0-10430]), but P16 expression is also present in normal cells. P16 is of great significance for the screening of cervical cancer, but by itself may not be sufficient for diagnosis. Ki-67 is a nuclear antigen that can be detected in the non-G0 phase of the cell cycle, marking the process of cell proliferation ([@b5-ol-0-0-10430]). For normal tissues, the simultaneous expression of P16 and Ki-67 is less likely to occur ([@b6-ol-0-0-10430]).

The aim of the study was to explore the expression of Ki-67 and P16 protein in different cervical tissues, and provide reference for their applications in SCC screening. Results showed that the combined detection of Ki-67 and P16 protein has a high application prospect as an auxiliary diagnosis of SCC.

Patients and methods
====================

### General information

All paraffin specimens were selected from 64 female patients in the Department of Obstetrics and Gynecology who were admitted by Jiading District Central Hospital Affiliated to Shanghai University of Medicine and Health Sciences (Shanghai, China) from January 2015 to December 2017 due to abnormal TCT screening for colposcopic biopsy. According to the postoperative pathological examination (diagnostic criteria refer to the 2014 fourth edition of the female genital tumor WHO classification), the patients were divided into chronic cervicitis group (control group, 10 cases), LSIL group (12 cases), HSIL group (20 cases) and SCC group (22 cases). The selected patients had no serious internal or surgical diseases after examination, and were not treated with hormones, chemotherapy or radiotherapy within 3 months before admission. The general information of the four groups of patients is shown in [Table I](#tI-ol-0-0-10430){ref-type="table"}.

The study was approved by the Ethics Committee of Jiading District Central Hospital Affiliated to Shanghai University of Medicine and Health Sciences. Patients who participated in this study had complete clinical data. Signed informed consents were obtained from the patients and/or the guardians.

### Immunohistochemistry

The selected paraffin tissue was serially sliced to approximately 5 µm. After conventional baking and dewaxing, the endogenous peroxidase blocker was used to inactivate the peroxidase in tissue, and the antigen was repaired after high temperature treatment. After that, non-specific antigen (goat serum) was used for blocking at 37°C for 10 min. After incubating with primary antibodies (rabbit anti-human Ki-67 and P16 monoclonal antibodies; 1:100; cat. nos. ab16667 and ab51243, respectively; Abcam, Cambridge, MA, USA) for 1 h, secondary goat anti-rabbit polyclonal antibody (1:5,000; cat. no. ab207995; Abcam) was added and incubated for 30 min. After that, horseradish peroxidase-labeled streptomycin avidin (SP) was added and incubated for 30 min. DAB dye solution was quickly added, and staining time was controlled by observation under a microscope. Excess dye was rinsed off with PBS, the hematoxylin stain solution was added, followed by the addition of hydrochloric acid and observation under an optical microscope (Xuzhou Senpu Optoelectronics Technology Co., Ltd.).

Scoring criteria: P16 is mainly expressed in the nucleus and cytoplasm, and color is brown when expression is positive. When there is no brown granule in the cell, it is marked as (−); when it is mainly stained in the lesion or epithelial basal layer, it is marked as (+); when the coloration extends to 1/3-2/3 layer of the squamous epithelium of the cervix, it is marked as (++); when the coloration extends to 2/3 to whole layer of the squamous epithelium of the cervix, it is marked as (+++); Ki-67 is mainly expressed in nucleus, and color is also brown when the expression is positive. When 0 to 5% of cells are stained, it is marked as (−); when 6 to 25% of cells are stained, it is marked as (+); when 26 to 75% of cells are stained, it is marked as (++); when 76--100% of cells are stained, it is marked as (+++).

### Statistical analysis

Experimental data were analyzed by SPSS 22.0 software (IBM Corp., Armonk, NY, USA). Comparison of the countable data was performed by Fisher\'s exact test and χ2 test. Spearman was used for correlation rank analysis. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Expression of P16 protein in four groups of patients

As shown in [Fig. 1](#f1-ol-0-0-10430){ref-type="fig"}, in LSIL group, no brown particles appeared in cells ([Fig. 1A](#f1-ol-0-0-10430){ref-type="fig"}). Staining of the HSIL group showed that stained part extended to 1/3 to 2/3 layer of squamous epithelium of the cervix ([Fig. 1B](#f1-ol-0-0-10430){ref-type="fig"}). In SCC group, the stained granules were diffused throughout the whole cervical squamous epithelium ([Fig. 1C](#f1-ol-0-0-10430){ref-type="fig"}). In the control, LISL, HISL and SCC groups, positive rate of P16 expression was 0, 9.09, 65.00 and 95.65%, respectively. Control group had significant difference compared with HSIL and SCC groups (P\<0.05), and LISL group had significant difference compared with HSIL and SCC groups (P\<0.05), there was also a significant difference between HSIL and SCC groups (P\<0.05), but there was no significant difference between control and LISL groups (P\>0.05) ([Table II](#tII-ol-0-0-10430){ref-type="table"}).

### Expression of Ki-67 protein in four groups of patients

As shown in [Fig. 2](#f2-ol-0-0-10430){ref-type="fig"}, only a small number of cells in LSIL group were stained brown ([Fig. 2A](#f2-ol-0-0-10430){ref-type="fig"}), and in HSIL group more than 50% of cells were stained brown ([Fig. 2B](#f2-ol-0-0-10430){ref-type="fig"}), in SCC group, stained particles diffused throughout the whole observation field ([Fig. 2C](#f2-ol-0-0-10430){ref-type="fig"}). In control, LISL, HISL and SCC groups, positive rates of Ki-67 expression were 0, 18.18, 55.00 and 100%, respectively. Control group had significant difference compared with HSIL and SCC groups (P\<0.05), and LISL group had significant difference compared with HSIL and SCC groups (P\<0.05), there was also a significant difference between HSIL and SCC groups (P\<0.05), but there was no significant difference between control and LISL groups (P\>0.05) ([Table III](#tIII-ol-0-0-10430){ref-type="table"}).

### Analysis of correlation between P16 and Ki-67

Correlation between expression levels of two tumor markers (P16/Ki-67) in patients with chronic cervicitis, LISL, HISL and SCC was analyzed by Spearman rank analysis. Results showed that the expression levels of P16 and Ki-67 were significantly and positively correlated with the degree of cervical lesions. Expression levels of P16 and Ki-67 were also positively correlated. Correlation indices were rs=0.725, P\<0.001\<0.05; rs=0.829, P\<0.001; rs=0.772, P\<0.001\<0.05 (data not shown).

### Diagnostic values of P16 and Ki-67 for cervical cancer and precancerous lesions

Based on pathological diagnosis, diagnostic values of P16 and Ki-67 for cervical cancer and precancerous lesions were evaluated. Sensitivity of P16 and Ki-67 alone was 85.4 and 95.2%, respectively, and area under the specific curves was 94.6 and 86.7%, respectively. Sensitivity of the combined detection was 94.8% and the specificity was 93.2% ([Table IV](#tIV-ol-0-0-10430){ref-type="table"}).

Discussion
==========

Cervical cancer is the only malignant tumor in the world with known causes and preventable measures. Numerous studies have shown that the occurrence of cervical cancer is associated with persistent infection of HPV ([@b7-ol-0-0-10430],[@b8-ol-0-0-10430]), and the HPV screening is becoming increasingly popular. However, LSIL caused by general HPV infection usually resolves on its own and no additional treatment is required. Some of the LSIL will transform into HSIL, which will eventually lead to the occurrence of SCC ([@b9-ol-0-0-10430]). Therefore, it is extremely important to find an auxiliary diagnosis method that can indicate the extent of cervical lesions.

In the screening of early cervical cancer molecular markers, P16, a tumor suppressor gene, can participate in the regulation of normal cell cycle and is of concern to researchers ([@b10-ol-0-0-10430],[@b11-ol-0-0-10430]). It has been reported that P16 has a predictive value for the extent of cervical lesions ([@b12-ol-0-0-10430],[@b13-ol-0-0-10430]) and has been recommended by the American College of Pathology, the American Society of Colposcopy and Cervical Pathology as a biomarker for the diagnosis of CSIL. In the present study, P16 was not expressed or expressed in a small amount in common cervical tissues and LSIL tissues, whereas in HSIL tissues, P16 protein was expressed in the 1/3 to 2/3 layers of the cervical squamous epithelium, and in SCC tissues. P16 expression was positive in the whole squamous epithelium of the cervix, which indicated that the expression intensity of P16 was highly correlated with the degree of cervical tissue lesions. It was confirmed that there was a positive correlation between expression intensity of P16 and the degree of cervical tissue lesions. This study showed that there was no significant difference in the expression of P16 between normal cervical tissue and LSIL tissue, suggesting that P16 does not fully reflect the severity of cervical lesions.

As a gene capable of promoting cell proliferation, abnormal expression of Ki-67 protein usually indicates abnormal cell proliferation ([@b14-ol-0-0-10430],[@b15-ol-0-0-10430]). Results of this study showed that Ki-67 expression was not detected in normal cervical tissues, but expression was detected in LSIL, HSIL and SCC, and the positive rate of Ki-67 expression was significantly increased with the increased degree of cervical lesions. From the results of immunohistochemistry, it can be seen that there are only a few brown cells in the LSIL tissue. As the disease progresses, the brown particles diffuse throughout the whole observation field. Ki-67 can also be used as a biomarker for cervical lesions, which has important diagnostic significance for tumor growth, grading, proliferation and prognosis. However, some studies have also shown that Ki-67 is expressed in non-cancerous proliferative cervical tissues ([@b16-ol-0-0-10430]), and in this study, LISL patients also have a positive expression rate of 18.18%. Therefore, in the identification of cervical cancer lesions, Ki-67 and P16 can be combined for diagnosis.

In summary, the expression intensity of P16 and Ki-67 was positively correlated with the degree of cervical lesions, and the sensitivity and specificity of the combination of P16 and Ki-67 were satisfactory. Therefore, the combination of P16 and Ki-67 can identify patients with high risk of SCC and reduce the rate of misdiagnosis, which is of high value for the differential diagnosis of young women with SCC and CSIL. However, studies with larger sample size are needed to further confirm the conclusion.
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###### 

General information of patients.

  Groups               Age (years)   Median age (years)
  -------------------- ------------- --------------------
  Chronic cervicitis   20--34        26
  LSIL                 19--34        25
  HSIL                 20--33        26
  SCC                  20--35        28

LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesion; SCC, squamous carcinoma of the cervix.

###### 

Expression of P16 protein in four groups of patients.

  Groups    n    --   \+   ++   +++   Positive rate (%)
  --------- ---- ---- ---- ---- ----- ---------------------------------------------------------------------------------------------------
  Control   10   10   0    0    0     0
  LSIL      11   10   1    0    0     9.09
  HSIL      20   7    7    5    1     65.00^[a](#tfn3-ol-0-0-10430){ref-type="table-fn"},[b](#tfn4-ol-0-0-10430){ref-type="table-fn"}^
  SCC       23   1    5    8    9     95.65^[a](#tfn3-ol-0-0-10430){ref-type="table-fn"}--[c](#tfn5-ol-0-0-10430){ref-type="table-fn"}^

Compared with control group

P\<0.05; compared with LSIL group

P\<0.05; compared with HSIL group

P\<0.05. LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesion; SCC, squamous carcinoma of the cervix.

###### 

Expression of Ki-67 protein in four groups of patients.

  Groups    n    --   \+   ++   +++   Positive rate (%)
  --------- ---- ---- ---- ---- ----- ----------------------------------------------------------------------------------------------------
  Control   10   10   0    0    0     0
  LSIL      11   9    2    0    0     18.18
  HSIL      20   9    6    4    1     55.00^[a](#tfn7-ol-0-0-10430){ref-type="table-fn"},[b](#tfn8-ol-0-0-10430){ref-type="table-fn"}^
  SCC       23   0    2    6    15    100.00^[a](#tfn7-ol-0-0-10430){ref-type="table-fn"}--[c](#tfn9-ol-0-0-10430){ref-type="table-fn"}^

Compared with control group

P\<0.05; compared with LSIL group

P\<0.05; compared with HSIL group

P\<0.05. LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesion; SCC, squamous carcinoma of the cervix.

###### 

Diagnostic values of P16 and Ki-67 alone and combined detection for cervical cancer and precancerous lesions.

  Indicators   Sensitivity (%)   Specificity (%)
  ------------ ----------------- -----------------
  P16          85.4              94.6
  Ki-67        95.2              86.7
  P16+Ki-67    94.8              93.2
